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1. Introduction 
Shifting cultivation is a dominant agricultural system in tropical forests. Shifting 
cultivators transform nutrients stored in standing forests to soils by slashing, felling, and 
burning forests (i.e., slash-and-burn); they regularly shift crop lands by replacing depleted 
plots with cleared forest lands (Denevan & Padoch, 1987; Kleinman et al., 1995; 
Ruthenberg, 1980). Approximately 300–500 million people practice slash-and-burn 
agriculture on almost one third of the planet’s 1,500 million ha of arable land (Giaradina 
et al., 2000; Goldammer, 1993). Shifting cultivation is central to the poverty-environment 
nexus in the tropics. On one hand, shifting cultivation is a dominant livelihood activity 
among small-scale tropical farmers with various cultural, ethnic, and social backgrounds, 
and thus it is tightly linked with poverty and development (Angelsen & Wunder, 2003; 
Byron & Arnold, 1999; Reardon & Vosti, 1995; Sunderlin et al., 2005; Wunder, 2001). On 
the other hand, not only is shifting cultivation one of the major causes of tropical 
deforestation, but also, the associated forest-cover change leads to multiple environmental 
problems, such as soil degradation, biodiversity loss, and reduced carbon sequestration 
(e.g., Chazdon et al., 2009; Dent & Wright, 2009; Kleinman et al., 1995; Lawrence et al., 
2005; Myers, 1992). As such, shifting cultivation can conflict with various conservation 
efforts, such as maintaining protected areas, engaging in community-based conservation, 
sustaining integrated conservation-development programs (ICDPs), making payments for 
environmental services (PES), and reducing emissions from deforestation and forest 
degradation (REDD) (e.g., Angelsen, 2008; Wilshusen et al., 2002; Wunder, 2006). A win-
win goal of poverty alleviation and rainforest conservation in shifting cultivation systems 
is a global challenge of the first order. To design an effective policy mix, it is crucial to 
develop a better understanding of shifting cultivators’ decision making; to that end, 
economic modeling is a powerful tool.  
This chapter reviews economic models of shifting cultivation and those of deforestation 
and soil conservation related to shifting cultivation developed by economists over the last 
two decades. My goal is not to offer a comprehensive review, but to highlight key 
modeling approaches (what is modeled and what is not, and with what assumptions), 
clarify how they are useful and incomplete in efforts to examine shifting cultivators’ 
behaviors, and point to promising directions for future modeling. I encourage readers to 
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see other reviews on economic models, such as Kaimowitz and Angelsen (1998) and 
Barbier and Burgess (2001) for deforestation and Barbier (1997) for land degradation in 
developing countries. As far as I know, no other reviews on economic models of shifting 
cultivation are available. 
I focus on farm-level models that characterize individual farmers’ behaviors (endogenous 
variables) under certain environmental and institutional conditions, such as resource 
stock, markets, and property rights (Binswanger & McIntire, 1987).1 Farm models allow 
modelers to examine how farmers’ behaviors are affected by policy parameters 
(exogenous variables). Modelers usually focus on individual farmers’ key decisions that 
directly or indirectly determine environmental outcomes of interest (e.g., forest clearing in 
deforestation models). Although no models fully capture the complexity of the real world, 
economic models highlight key aspects of the reality to better understand causal 
mechanisms.  
1.1 Modeling approach 
Three important choices in modeling approaches require attention: static vs. dynamic 
modeling, market conditions, and policies. Economic models are generally classified into 
static or dynamic models; whereas static models capture economic agents’ decisions at a 
point in time, dynamic models consider the potentially changing path of their behaviors. 
The choice depends on whether agents’ decisions at a point in time affect their future 
decisions. This dynamic linkage is described by state equations, i.e., the law of motion of 
state variables, which can be the outcome of interest. Although static models characterize 
agents’ optimal decisions at a given point in time, dynamic models characterize the over-
time path of their optimal decisions (control variables) and corresponding state variables. 
For example, in a soil-conservation model, the state variable can be soil stock (or fertility) 
and the control variables can be farmers’ choices that affect soil fertility, such as cultivation 
intensity and soil conservation input. The simplest dynamic model is a two-period model, 
although most dynamic models discussed below consider an infinite time horizon, while in 
this chapter, models are considered to be static when agents make current decisions based 
only on the present value of the net benefit/cost stream. 
Although perfect markets enable an efficient allocation of resources, market imperfection is 
the norm in developing countries, where most tropical forests are situated. Better 
understanding market imperfection and non-market institutions has been a central theme of 
development economics over the last three decades (Bardhan & Udry, 1999; Ray, 1998). 
Although many shifting cultivation, deforestation, and soil conservation models in the 
literature assume perfect markets to examine price policies, such as those related to taxes 
and subsidies, some models consider imperfect factor markets. In particular, although with 
a perfect labor market a market price (wage) supports a separation of farm households' 
consumption (labor supply) and production (labor demand) decisions, market imperfection 
can break this separation (Singh et al., 1986); here wage represents the opportunity cost of 
                                                                 
1
 Kaimowitz and Angelsen (1998) review deforestation models other than farm-level models, such as 
regional-level models and national and macro-level models, including general equilibrium models (see 
also Angelsen & Kaimowitz, 1999). Although tropical forests are often common property, soils are 
individual farmers’ private property; most soil conservation models are farm-level models.  
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labor in the form of returns to any non-farm activities (Benjamin, 1992). Not surprisingly, 
market imperfection commonly gives rise to ambiguous policy impacts. In contrast, some 
models employ a framework that does not involve any factor markets (e.g., models focusing 
on fallow-cultivation cycle). 
Most models examine farm output price (mostly food price) and wage (opportunity cost 
of labor), which can be altered by various macroeconomic policies; some models also 
examine input price other than wage, technological progress, and property rights.2 Many 
dynamic models highlight the role of the discount rate, which can be altered by credit 
policies. Some models that consider farmers’ decisions with uncertainty – especially in 
production and price – focus on the roles of risk and risk aversion. Most deforestation 
models show that promoting farming through price and technology leads to greater forest 
clearing as the farmers augment farm production; in contrast, promoting non-farm 
activities discourages forest clearing. Most dynamic models reveal that a lower discount 
rate encourages investment not only in soils (soil conservation), but also in land holdings 
(forest clearing). Other policy impacts are generally mixed, depending on modeling 
specification (assumption). Specific theoretical predictions of each model are not reviewed 
in this chapter. 
1.2 Organization of the chapter 
The remainder of the chapter is organized as follows. Sections 2, 3, and 4 review deforestation, 
soil conservation, and shifting cultivation models, respectively. The main papers cited in these 
sections are listed in chronological order in Tables 1, 2, and 3, respectively, which summarize 
decision variables, outcome variables, policy parameters, modeling frameworks (static vs. 
dynamic), and factor markets (perfect vs. imperfect vs. not modeled).  
The tables also report whether the modeling work is accompanied with a substantial 
empirical analysis; an empirical analysis can be a case study, a descriptive analysis of micro 
data, simulation work based on micro data, or a regression analysis (to test theoretical 
hypotheses). Whereas some models – especially those accompanied with an empirical 
analysis – consider specific empirical contexts (e.g., colonists in Amazonia), others are 
developed in general contexts. Although this distinction is not always clear, it is clarified 
when needed. In some models I show mathematical equations to highlight their key features 
in a concrete way; when I do so, I change original notations (and functions in some cases) to 
uniform notations for clarity and clear comparisons across models.  
Based on these reviews, Section 5 discusses major lacunae in extant shifting cultivation 
models and promising avenues for future modeling. Section 6 concludes. 
2. Deforestation models 
Most farm-level deforestation models examine forest-clearing labor as a key decision 
variable. Assuming a simple function of forest clearing with labor as a unique input (which 
is valid among small-scale farmers who do not use chainsaws), cleared forest is directly 
captured by forest-clearing labor.  
                                                                 
2Welfare-augmenting policies are usually considered. It is a straightforward process to examine welfare 
impacts of specific policies in dynamic models by applying the procedure developed by Caputo (1990) 
(see Takasaki, 2006 for an example).   
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 Main decision 
variables 
Main outcome 
variables 
Main policy 
parameters 
Static vs. 
dynamic 
Factor 
markets 
Empirics 
Southgate 
(1990) 
Forest-clearing 
labor, soil 
conservation labor
Forest-clearing 
labor, soil 
conservation 
labor 
Output price, 
wage, interest 
rate 
Static Perfect None 
Larson 
(1991) 
Forest-clearing 
labor, soil 
conservation labor
Forest-clearing 
labor, soil 
conservation 
labor 
Output price, 
wage, interest 
rate, 
technological 
progress 
Static Perfect None 
DeShazo 
and 
DeShazo 
(1995) 
On-farm labor Forest clearing 
(land value) 
Output price, 
input price, 
wage, cost of 
land clearing 
Static Perfect None 
Bluffstone 
(1995) 
Labor for firewood 
collection  
Firewood 
collection, forest 
stock 
Wage Dynamic Perfect, 
imperfect 
Nepal 
(simulation) 
Angelsen 
(1999) 
Cleared forest 
(distance) 
Cleared forest 
(distance) 
Output price, 
wage, transport 
cost, discount 
rate, population 
Static None, 
perfect 
None 
Barrett 
(1999) 
Forest-clearing 
labor 
Forest-clearing 
labor 
Output price - 
mean and 
standard 
deviation 
Static Perfect Madagascar 
(case study) 
Barbier 
(2000) 
Forest-clearing 
labor 
Cultivated land Output price, 
wage 
Dynamic Perfect Mexico, 
Ghana 
 (case study) 
Pendleton 
and Howe 
(2002) 
Forest-clearing 
labor 
Cleared forest Market 
integration 
(generated from 
price and wage), 
technological 
progress 
Dynamic 
(2 periods) 
Perfect Bolivia 
(regression) 
van Soest 
et al. 
(2002) 
Forest-clearing 
labor  
Cleared forest Technological 
progress, output 
price 
Static Perfect, 
imperfect 
None 
Takasaki 
(2007) 
Forest-clearing 
labor  
Cleared forest Output price, 
wage, land price, 
discount rate 
Dynamic 
 (2 periods)
Perfect, 
imperfect 
None 
Delacote 
(2007) 
Proportion of land 
cultivated 
Proportion of 
land cultivated 
Risk, risk 
aversion, 
population, 
forest 
profitability 
Static Not 
modeled 
None 
Table 1. Deforestation models 
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 Main decision 
variables 
Main outcome 
variables 
Main policy 
parameters 
Static vs. 
dynamic 
Factor 
markets 
Empirics 
McConnell 
(1983) 
Soil loss, non-
soil input 
Soil depth Tenure Dynamic Perfect None 
Barbier (1990) Soil-degrading 
input, soil-
conserving input
Soil depth Output price, 
input price 
Dynamic Perfect Indonesia 
(descriptive) 
Barrett (1991) Soil loss, non-
soil input 
Soil depth Output price Dynamic Perfect None 
Clarke (1992) Farm input, soil 
investment 
Soil quality Output price, 
input price, 
discount rate 
Dynamic Perfect None 
LaFrance 
(1992) 
Cultivation 
input, soil-
conservation 
input 
Soil stock Output price Dynamic Perfect None 
Krautkraemer 
(1994) 
Soil loss Soil fertility Population Dynamic Perfect None 
Barrett (1996) Soil loss, soil-
conservation 
input 
Soil depth Output price, 
discount rate 
Dynamic Perfect None 
Grepperud 
(1997a) 
Farming labor, 
soil-conservation 
labor 
Farming labor, 
soil-conservation 
labor 
Farming 
support, soil-
conservation 
support, off-
farm support 
Static Perfect None 
Grepperud 
(1997b) 
Farm input, 
investment in 
soil-conservation 
structure 
Soil stock Output price, 
discount rate 
Dynamic Perfect None 
Bulte and van 
Soest (1999) 
Soil loss, 
farming labor 
Soil depth Output price Dynamic Perfect, 
imperfect 
None 
Grepperud 
(2000) 
Farming 
intensity (soil 
depleting/ 
conserving)  
Soil fertility Risk aversion  Dynamic Perfect None 
Lichtenberg 
(2006) 
Soil loss, 
farming labor 
Soil depth Output price Dynamic Perfect None 
Graff-Zivin 
and Lipper 
(2008) 
Soil carbon-
sequestration 
investment 
Soil carbon-
sequestration 
investment 
Sequestration 
cost, output 
price, discount 
rate, risk 
aversion 
Dynamic Perfect None 
Table 2. Soil-conservation models 
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 Main decision 
variables 
Main outcome 
variables 
Main policy 
parameters 
Static vs. 
dynamic 
Factor 
markets 
Empirics 
Barrett 
(1991) 
Cultivation 
length, fallow 
length 
Fallow-
cultivation cycle 
Output price Dynamic Not 
modeled 
None 
Jones and 
O’Neill 
(1993) 
Proportion of 
land 
cultivated 
Fallow length Output price, 
wage, discount 
rate, population 
Static Perfect None 
López 
(1997) 
Cleared forest Cleared forest Output price Dynamic Perfect Ghana 
(regression) 
Tachibana 
et al. (2001) 
Proportion of 
upland land 
cultivated, 
upland forest 
cleared 
Proportion of 
upland 
cultivated, 
shifting 
cultivation area, 
upland forest 
cleared 
Lowland 
technological 
progress, 
lowland farm 
area, output 
price, forest-
clearing cost, 
tenure security 
Dynamic Perfect Vietnam 
(regression) 
Batabyal and 
Lee (2003) 
Fallow length Fallow length Return to fallow, 
discount rate 
Dynamic Not 
modeled 
None 
Sylwester 
(2004) 
Proportion of 
land 
cultivated 
Land quality Income transfer, 
output price, 
population  
Dynamic Not 
modeled 
None 
Willassen 
(2004) 
Fallow-
cultivation 
cycle 
Fallow-
cultivation cycle, 
soil fertility 
(present value of 
gross output) 
Output price Dynamic Not 
modeled 
None 
Takasaki 
(2006) 
Proportion of 
land cleared 
Proportion of 
land cleared 
Output price, 
wage, discount 
rate, soil-
regeneration 
rate, soil 
erosivity 
Dynamic Perfect None 
Pascual and 
Barbier 
(2006) 
Farming labor 
(clearing and 
on-farm labor 
with a fixed 
proportion) 
Fallow soil 
fertility, forest 
clearing 
Population Dynamic Perfect Mexico 
(simulation) 
Pascual and 
Barbier 
(2007) 
Farming labor 
(clearing and 
on-farm labor 
with a fixed 
proportion) 
Fallow soil 
fertility, forest 
clearing 
Output price Dynamic Perfect Mexico 
(simulation) 
Balsdon 
(2007) 
Cultivation 
length 
Cultivation 
length 
Output price, 
non-farm income
Dynamic Not 
modeled 
None 
Brown 
(2008) 
Proportion of 
land 
cultivated 
Proportion of 
land cultivated 
Preference, 
spatial 
dependency 
Dynamic Perfect Cameroon 
(regression, 
simulation) 
Table 3. Shifting cultivation models 
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2.1 Static deforestation models 
Early deforestation models are static. Southgate (1990), which is elaborated by Larson (1991), 
considers not only forest-clearing labor, but also soil-conservation labor among colonists in 
the forest frontier;3 these two labors separately determine the present value of agricultural 
production (cropping and livestock) and soil conservation. DeShazo and DeShazo (1995) 
apply an agricultural household model (Singh et al., 1986) to forest clearing with a perfect 
labor market, though they capture forest clearing through the value of land (rent), not forest 
clearing itself. van Soest et al. (2002) directly extend the agricultural household model to 
forest clearing, comparing effects of farm technological progress on forest clearing under 
perfect and no labor-market conditions.  
Barrett (1999) and Delacote (2007), respectively, examine influences of price and production 
risk in farming on forest clearing in their static models; Delacote (2007) also addresses effects 
of risk aversion and returns to standing forest in the form of non-timber forest products 
(NTFPs).4 
2.2 Discrete dynamic deforestation models 
Static deforestation models effectively treat cleared land as a variable input (produced by 
labor) for farming. This setup is valid if tropical farmers replace their old infertile plots with 
newly cleared forest lands every agricultural season or do not consider future production on 
their cleared lands because of insecure tenure. This is not a common practice among shifting 
cultivators, because (1) forest clearing is very costly to them (especially with no use of 
chainsaws), (2) they can employ a variety of traditional soil management techniques (in 
particular fallowing), and (3) forest clearing and cultivation often give them some claims to 
the land (Takasaki, 2007). Instead, shifting cultivators crop their cleared lands for more than 
one agricultural season over time.  
Takasaki (2007) treats forest clearing as both an input for current production and an 
investment in future production in his two-period model. Quality-adjusted land for 
cultivation at period t is given by: 
 1 1A a L  (1.1)
   2 1 21A A a L    (1.2)
where Lt is labor allocated to clear forest at period t, a is forest-clearing function, and ρ 
captures fertility decline through cultivation (depreciation rate). van Soest et al. (2002) use 
the same forest-clearing function as in equation (1.1); equation (1.2) is a state equation of 
                                                                 
3Although conflicts over property rights are central issues among colonists in the forest frontier (e.g., 
Alston et al., 2000; Anderson & Hill, 1990; Hotte, 2001; Mueller, 1997), related theoretical modeling is 
not reviewed in this chapter.  
4The potential role of NTFPs for sustainable development and poverty alleviation in the tropics is often 
emphasized (e.g., Arnold & Perez, 2001; Coomes et al., 2004; Wunder, 2001); at the same time, 
overexploitation of forest resources as local commons among poor populations has been a major 
concern (i.e., poverty-environment trap) (Barbier, 2010; Dasgupta, 1993, 2001; Jodha, 1986). In particular, 
firewood collection and associated forest degradation have received much attention. Bluffstone (1995), 
for example, examines firewood/fodder collection and forest biomass evolution. 
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crop land. Takasaki (2007) considers not only labor-market conditions, but also land-market 
conditions, comparing four distinct market institutions (Latin America vs. Sub-Saharan 
Africa), including the effects of land price. 
Some static models, such as Southgate (1990), Larson (1991), and Angelsen (1999), jointly 
address input and investment aspects of forest clearing by considering the benefit/cost 
stream over time generated by current forest clearing; such models capture neither farmers’ 
behaviors over time nor the evolution of land assets.5  
Pendleton and Howe (2002) develop a two-period model for Amerindians in Bolivia, 
capturing forest clearing in the dry season (period 1) for production in the wet season 
(period 2). Distinct from other modeling works, Pendleton and Howe (2002) distinguish 
between primary and secondary forests; they also construct a measure of market integration 
from market prices.  
2.3 Continuous dynamic deforestation models 
Following a standard capital model, dynamic farm-level deforestation models consider 
forest clearing as a pure investment in land capital for future production. This modeling is 
commonly used to examine a society's optimal deforestation – i.e., exploitation of tropical 
forests as the commons – in the literature (e.g., Barbier & Burgess, 1997; Ehui et al., 1990; 
López, 1994; López & Niklitschek, 1991); most models employ control theory in a 
continuous time framework (e.g., Kamien & Schwartz, 1991; Seietstad & Sydsaeter, 1987).  
Assuming that a fixed proportion of arable land (ǅ) is fallowed in each time period, Barbier 
(2000) considers the following state equation: 
 A a L A   (2)
where time index is suppressed and A dA dt . The depreciation rate ǅ is effectively the 
same as ρ in equation (1) in the discrete-time framework.  
3. Soil-conservation models 
Soil-management measures are classified into two groups based on their costs: one with 
reduced current output levels, such as less intensified cultivation, forest fallowing, and 
perennial systems, and the other with input use, which can take various forms, such as 
mulching, composting, terracing, and creating hedgerows, depending on agroecological 
conditions in specific locales. Although fertilizer is an essential input in other agricultural 
systems, fertilizer use is very limited in shifting cultivation that relies heavily on forest-
based measures (forest clearing and fallowing) (Nicholaides et al., 1983; Sanchez et al., 1982). 
Grepperud (1997a) examines how programs supporting farming, soil conservation, and non-
farm activities affect labor allocations for these three activities in his static model, in the 
same spirit as Southgate (1990) and Larson (1991).  
                                                                 
5The key decision variable in Angelsen’s model (1999) is the distance to forest cleared. Such spatial 
modeling, which is common among geographers, is not reviewed in this chapter (other examples of 
spatial farm-level deforestation models developed by economists include Angelsen, 1994; Chomitz & 
Gray, 1996; Mendelsohn, 1994). Angelsen (1999) compares four models under distinct modeling 
assumptions and property rights, not market conditions, in a unified framework. 
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All soil conservation models developed in the literature examine continuous cultivation 
with fixed land size. 
3.1 Canonical soil dynamics 
McConnell (1983) models the dynamics of soil depth x as follows: 
x s   (3)
where is natural soil regeneration and s is soil loss associated with cultivation; farm 
output is a function of soil loss, soil depth (fertility), and non-soil inputs (evaluated at factor 
price).6 This model captures only the adjustment of cultivation intensity among soil-
management measures. 
3.2 Input-based soil-conservation models 
Economists have extended McConnell’s (1983) dynamic model by incorporating input-based 
soil-conservation measures in various ways. Clarke (1992) adds soil investment as a choice 
variable to equation (3); Barbier (1990) and LaFrance (1992) consider inputs for (soil 
degrading) cultivation and soil conservation separately; Barrett (1996) adds a soil-
conservation measure as a function of conservation input to equation (3); and Grepperud 
(1997b) considers an investment in soil-conservation structure, such as terraces, modeling 
the joint evolution of soil stock and conservation structure.  
Bulte and van Soest (1999) examine the soil dynamics with no labor market, using the 
following state equation:  
 x l s   (4)
where l is labor for soil conservation. Equation (4) captures labor-intensive soil 
conservation.7  
Grepperud (2000) examines how risk aversion influences soil conservation with production 
and price uncertainty. Graff-Zivin and Lipper (2008) examine the farmer’s decision on 
investment in soil carbon sequestration by explicitly modeling soil carbon as well as soil 
fertility with production risk; they examine effects of sequestration cost and risk aversion, as 
well as output price and discount rate. 
3.3 Continuous vs. cyclical farming 
Assuming stock-dependent soil regeneration (cf. equations 3 and 4), 
 x x s   (5)
Krautkraemer (1994) shows that in the presence of nonconvexity in the net benefit function, 
a non-continuous farming strategy – periodic cycles of cultivation and fallow – can be an 
                                                                 
6Barrett (1991) compares McConnell’s (1983) models with and without non-soil inputs. 
7Using equation (4), Bulte and van Soest (2001) examine an environmental Kuznets curve for land 
degradation with no labor market. Lichtenberg (2006) demonstrates that ambiguous impacts of output 
price found by Bulte and van Soest (1999) is not attributable to labor-market failure, but can occur 
depending on the labor supply's wage elasticity. 
www.intechopen.com
 
Deforestation Around the World 360 
equilibrium (Lewis & Schmalensee, 1977, 1979) and that population growth leads to a shift 
from cyclical cultivation to continuous cultivation (sensu Boserup, 1965).  
4. Shifting cultivation models 
Shifting cultivation models in the economics literature can be classified into four: the fallow-
cultivation cycle model, the forest-fallow model, the cultivation-intensity model, and the 
land-replacement model.8 Almost all models are dynamic; all models except for Tachibana 
et al. (2001) assume a fixed land size.  
4.1 Fallow-cultivation cycle models 
Fallow-cultivation cycle models focus on fallow and/or cultivation length as decision 
variables, ignoring all other decisions, such as labor allocation. Barrett (1991) extends the 
optimal forest-rotation problem (Faustmann, 1995) to fallow-cultivation cycles by treating 
both fallow and cultivation lengths as choice variables. This rotation problem does not 
explicitly capture soil dynamics. In contrast, Willassen (2004) models the cyclical evolution 
of soil fertility in the cultivation and fallow phases; the farmer chooses only the phase – 
binary choice q = 0 (fallow) or 1 (cultivation) – over time, and distinct from soil conservation 
models (e.g., equation 3), soil dynamics under cultivation as well as fallow are assumed to 
be determined by soil fertility level x only.  
In these cyclical models, the farmer does no cultivation in the fallow phase. This 
simplification is for analytical tractability. Of course, in practice, shifting cultivators mix 
different stages of cultivation and fallow across plots. 
Assuming fixed fallow length and on-farm soil dynamics characterized by equation (5), 
Balsdon (2007) focuses on cultivation length as a choice variable; distinct from other cyclical 
models, the termination of the cultivation phase in one plot is instantly followed by 
cultivation on the next plot. Batabyal and Lee (2003), in contrast, focus on the choice of 
fallow length. 
4.2 Cultivation-intensity models 
Cultivation-intensity models capture soil degradation resulting from shortened fallow 
through the cultivation-intensity measure without explicitly modeling fallow dynamics. 
Although cultivation-intensity models differ depending on their focus, their common 
feature is to capture cultivation intensity through the proportion of land cultivated (b). For a 
given land size, 1 – b is the proportion of fallow land and 1/b represents fallow length. For 
example, for b = .1, fallow length is 10 (years).  
4.2.1 Early cultivation-intensity models 
Larson and Bromley (1990) develop a dynamic model with a fixed cultivation intensity. 
Jones and O’Neill (1993) develop a static model using cultivation intensity b as a key 
decision variable.9  
                                                                 
8Batabyal and Beladi (2004) and Batabyal and Nijkamp (2009) apply stochastic modeling to shifting 
cultivation, which is not reviewed in this chapter. 
9Jones and O’Neill (1993) extend their model to a spatial model.  
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4.2.2 Cultivation-intensity models with soil dynamics 
In Sylwester’s (2004) model, the soil dynamics under cultivation follows equation (5), with 
soil loss s replaced with a function of cultivation intensity b; distinct from other cultivation-
intensity models, Sylwester does not model factor markets as in fallow-cultivation cycle 
models. 
Whereas Brown (2008) considers a binary choice between cultivation and fallow – on each 
plot over time – as in fallow-cultivation cycle models, he solves the dynamic problem by 
treating this binary variable q as continuous; that is, he effectively uses cultivation intensity 
b as a choice variable. His focus is to examine the roles of preference (measured by the 
revealed preference approach) and spatial dependency in farmers’ forest clearing using 
simulation (see also Brown, 2006).  
4.2.3 Cultivation-intensity models with land dynamics 
Tachibana et al. (2001) develop a cultivation-intensity model that endogenizes the evolution 
of upland holdings (T) among Vietnamese farmers who combine upland shifting cultivation 
and lowland paddy cultivation:  
( )T a b bT   (6)
where a is (upland) forest cleared and endogenized depreciation rate ǅ(b) (cf. equation 2) 
captures soil degradation through shortened fallow (higher b captures depriving 
intensification). Note that distinct from equation (2), T is total land holdings, consisting of 
cultivated land bT (=A) and fallow land (1-b)T (= T – A). Furthermore, fallow land is under 
the risk of being grabbed by neighbors. Tachibana et al. (2001) examine how the proportion 
of cultivated upland land (inverse of fallow length), shifting cultivation area, and upland 
forest clearing are affected by a rich set of policies, such as lowland technological progress, 
lowland farm area, forest clearing cost, and upland tenure security, as well as output price. 
4.3 Forest-fallow models 
4.3.1 Forest-fallow models with communal fallow forest 
Forest-fallow models endogenize the dynamics of biomass accumulation in fallow forest as 
a soil builder. Fallow forest is explicitly or implicitly assumed to be communally owned by 
villagers. López (1997) introduces the following dynamics of fallow biomass density η: 
ii
a
Q
     (7)
where Ǆ is the intrinsic growth of secondary vegetation, ai is cleared forest by household i, 
and Q is total land area under both cultivation and fallow – of the village. Equation (7) 
assumes that fallow biomass density is determined by the proportion of cleared forest land 
for cultivation, i.e., village-level cultivation intensity.10  
Assuming equation (7) and a simple conversion of biomass to soil fertility on cleared fallow 
forest, Pascual and Barbier (2006; 2007) derive the dynamics of soil fertility on cleared forest 
(Pascual & Barbier, 2006, equation 5). They assume that in each period of time the farmer 
                                                                 
10In the forest-fallow model, adding NTFPs collected from secondary fallow forest as an additional 
benefit of fallowing is a straightforward extension.  
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cultivates only the cleared land; then, on-farm soil conservation is irrelevant. In Pascual and 
Barbier (2006; 2007), the only decision variable is farm labor, which is assumed to be 
allocated between forest clearing and cultivation with a fixed proportion. Pascual and 
Barbier (2006; 2007) examine impacts of population density (n/Q, where n is the number of 
households in the village) and output price on forest clearing and fallow soil fertility.  
4.3.2 Forest-fallow models with private fallow forest 
Shifting cultivators commonly have usufruct of not only the cultivated land they have 
cleared, but also their fallow land; customary tenure of fallow land tends to be insecure, 
however, and this tenure insecurity influences their forest clearing and fallowing decisions 
(Otsuka & Place, 2001; Place & Otsuka, 2001; Tachibana et al., 2001). It is straightforward to 
revise equation (7) to characterize such an alternative customary tenure setting; then, soil 
fertility of cleared fallow forest is effectively determined by fallow length or the inverse of 
cultivation intensity, 1/b. In this way, the fallow-forest model with private fallow forest 
directly corresponds to the cultivation-intensity model; a key difference is that the former 
focuses on fallow dynamics and the latter highlights other dynamics, such as on-farm soil or 
land holdings.  
4.4 Land-replacement models 
Fallow-cultivation cycle models assume a cyclical switch of the whole land between 
cultivation and fallow; fallow-forest models assume that the farmer cultivates cleared forest 
land only in each period of time. In practice, shifting cultivators replace some depleted plots 
with cleared forest land each time, while continuing to cultivate the remaining plots; 
replacing all plots simultaneously is a polar case.  
This aspect is explicitly captured in the land-replacement model (with fixed land size) 
introduced by Takasaki (2006). The key choice variable is the proportion of cultivated land, 
not total land, replaced with cleared forest land (c). This modeling approach highlights the 
tension between replaced (cleared) and non-replaced (remaining) plots – the former is more 
fertile but clearing is costly. It also directly captures new soils on cleared forest land added 
to soils on remaining plots. Specifically, the dynamics of on-farm soil stock is obtained by 
extending equation (3): 
 1x c c s      (8)
where φ is soil stock (per unit of land) of cleared forest (see Takasaki, 2006, Figure 1 for 
derivation). Note that for c = 0 (continuous cultivation), equation (8) is the same as (3); for c 
= 1 (complete replacement), equation (8) corresponds to forest-fallow models, though fallow 
dynamics is not modeled (φ is not endogenized). Takasaki (2006) examines effects on forest 
clearing (measured by c) of soil-regeneration rate  and soil erosivity altered by soil 
conservation programs, as well as output price, wage, and discount rate.  
5. Discussion 
5.1 Primary vs. secondary forests 
The review in the last section indicates two significant lacunae in the extant shifting 
cultivation models. The first lacuna is that the extant models do not distinguish between 
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primary and secondary forests.11 This distinction is critically important for both 
environmental and economic reasons. First, in general, protecting primary forest with 
greater biodiversity needs to be given a higher priority than secondary forest protection. 
At the same time, as primary forest becomes scarce in the tropics, researchers and 
practitioners pay greater attention to secondary fallow forest (Coomes et al., 2000). In 
particular, short fallow results in less matured secondary forest with limited biomass 
accumulation and poor protection of erodible soils, as well as low biodiversity, weak 
carbon sequestration, and limited timber and NTFPs (Brown & Lugo, 1990; Chazdon et 
al., 2009; Dalle & de Bois, 2006; Dent & Wright, 2009; Lawrence et al., 2005). Shifting 
cultivation models need to jointly address cleared primary forest and fallow length of 
secondary forest as key environmental outcomes.  
Second, the choice between primary and secondary forest is determined by farmers’ 
decisions under specific environmental and economic conditions: In particular, secondary 
forest is less fertile but easier to clear than primary forest (Scatena et al., 1996), and this 
comparison depends on fallow length (farmer’s decision) (Dvořàk, 1992) and the availability 
of primary forest (determined by population growth, etc.). This choice also has a direct 
implication for asset accumulation: Although clearing secondary forest does not alter total 
land holdings (only the plot phase changes from fallow to cultivation), clearing new 
primary forest augments land holdings. That is, although secondary forest brings fertile soil, 
primary forest brings both more fertile soil and new land itself. Shifting cultivation models 
need to capture these key differences. 
Pendleton and Howe (2002) address the choice between primary and secondary forests as a 
pure forest-clearing problem; they neither model the role of secondary fallow forest as a soil 
builder nor consider soil addition through primary forest clearing. No other deforestation 
models distinguish or specify the type of cleared forest; this is also true in dynamic 
deforestation models, which necessarily involve land accumulation (Barbier, 2000; Takasaki, 
2007). Not only all soil conservation models but also most shifting cultivation models 
assume fixed land holdings, and thus implicitly focus on secondary forest; Tachibana et al. 
(2001) do not distinguish or specify the type of cleared forest, either. 
This lacuna in the theoretical literature is in contrast to the considerable number of empirical 
studies on primary and secondary forests. Smith et al. (1999), for example, show that the 
relative importance of secondary forest to primary forest increases over time among 
Amazonian colonists; Coomes et al. (2000; 2011) also find this pattern over a longer time 
span among Amazonian peasants (in their study village in Peru, primary forest has virtually 
disappeared).  
5.2 On-farm soil conservation in shifting cultivation 
Supporting non-farm activities discourages farming, thereby releasing pressure on forests. 
This policy option becomes available and significant only after non-agricultural sectors 
sufficiently develop, often following massive deforestation and forest degradation. What 
policies can slow down this trend along the development path?  
                                                                 
11 Primary forest “has had little or no anthropogenic intervention” and secondary forest is “woody 
successional vegetation that regenerates after the original forest cover has been removed for agriculture 
or cattle ranching” (Smith et al., 1999, p.86). 
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The second lacuna not only in the extant theoretical works on shifting cultivation, but also in 
related empirical works is the investigation into potential roles of on-farm soil conservation. 
Among poor shifting cultivators, forest-based soil-management options (forest clearing and 
fallowing) outweighs on-farm soil conservation (Barbier, 1997); when degraded land can be 
easily replaced, farmers have little incentive to adopt expensive input-based soil-
conservation measures. Then, the question is whether policy makers can alter shifting 
cultivators’ benefit-cost calculations by introducing effective soil-conservation programs, as 
discussed by Takasaki (2006) (see also Grepperud, 1997a).  
Although developing locally adoptable, effective soil-conservation measures in tropical 
forests has been a daunting task (Lal, 1995), soil scientists' recent growing interest in biochar 
in Amazonia may lead to significant improvement in soil fertility and soil carbon 
sequestration in shifting cultivation systems (Glaser, 2007; Marris, 2006; Steiner et al., 2004). 
Biochar, also known as black carbon, is the residue of organic matter that has been 
pyrolyzed (partially combusted in a low-oxygen environment). Research indicates that 
Amazonian black carbon (terra preta) has, on average, three times more soil organic matter 
(SOM) content, higher nutrient levels, and a better nutrient retention capacity than 
surrounding infertile soils (Glaser, 2007). How the labor-intensive alternative “slash-and-
char” system, combined with sustainable charcoal production, can be promoted among poor 
shifting cultivators is still an open question, however (Swami et al., 2009) (see Coomes & 
Burt, 2001 for charcoal production among Amazonian peasants).  
Soil-conservation models extensively developed in the literature can well capture various 
input-based soil-conservation measures; in particular, equation (4) or its variant can be 
applied to labor-intensive conservation like biochar.  
5.3 Shifting cultivation regimes 
It is very useful to differentiate two regimes of shifting cultivation. In regime 1, where 
primary forest is available, farmers choose to clear primary or secondary forest. Although 
the extant deforestation and shifting cultivation models effectively capture primary forest 
clearing and secondary fallow forest clearing (cyclical cultivation), respectively, neither of 
them addresses the choice of these two. As primary forest becomes scarce (deforestation), 
cultivation shifts to regime 2, in which only secondary forest is cleared; in another words, 
primary forest has been so degraded that clearing primary forest is too costly or simply not 
an available option. Policies effectively protecting primary forest (in particular, protected 
areas with compliance) can also make this regime shift.12 Although the extant shifting 
                                                                 
12 Migration can also significantly affect the regime shift. Coomes et al. (2011) find that urban migration 
plays an important role in lowering pressure on diminishing forest land among shifting cultivators in 
their study village. The extensive migration option in the forest frontier, however, may allow farmers to 
clear forest – both primary and secondary – without employing fallowing practices; this is possible 
among colonists in land-abundant areas in Latin America, especially in locales where selling cleared 
lands is an additional motive for forest clearing (Barbier, 2004; Binswanger, 1991; Takasaki, 2007). 
Conceptually, further regime shifts following regime 2 can be considered. Once shifting cultivators start 
to employ continuous cultivation on some plots, regime 3 emerges; in this new regime, in addition to 
forest fallow management, farmers make a key choice between shifting and continuous. Lastly, regime 
3 is followed by the complete shift to continuous cultivation, i.e., abandonment of shifting cultivation 
(Krautkraemer, 1994).  
www.intechopen.com
 
Economic Models of Shifting Cultivation: A Review 365 
cultivation models essentially focus on regime 2, protecting remaining primary forest and 
promoting sustainable secondary forest management (long fallow) in regime 1 should be 
given a higher priority for conservation and development in shifting cultivation systems.  
5.4 Future modeling 
It is now clear that a promising avenue for future modeling of shifting cultivation is to 
extend extant models for secondary fallow forest in regime 2 by adding primary forest 
clearing to capture regime 1 and by endogenizing on-farm soil conservation to examine its 
effects on forest outcomes. That is, a unified farm model of primary forest clearing, forest 
fallowing, and on-farm soil conservation is needed to examine effective policies for 
protecting primary forest and maintaining sustainable long fallow. 
Two extensions toward such a unified model are suggested. The first is to augment a 
cultivation-intensity model so that it captures the dynamics of both on-farm soil and land 
holdings (through primary forest clearing). Such an augmented model could explicitly 
capture the mechanism of depriving intensification embedded in ǅ(b) in equation (6). 
The second extension is to augment Takasaki’s (2006) land-replacement model by 
endogenizing cultivation intensity and capturing acquisition of new land and soil through 
primary forest clearing. The proportion of total land, not cultivated land, replaced with 
fallow forest is bc, and fallow length 1/bc determines the soil stock of cleared fallow forest φ 
in equation (8).  
5.5 Hypothetical effects of on-farm soil conservation 
How does better on-farm soil conservation affect forest outcomes? On one hand, in regime 2 
with no primary forest clearing, it is expected that shifting cultivators intensify on-farm soil 
conservation and rely less on fallow soils (less frequent clearing), resulting in longer fallow. 
On the other hand, in regime 1, better on-farm soil conservation encourages shifting 
cultivators to clear more primary forest with increased returns to farming; at the same time, 
primary forest clearing (land accumulation) is balanced with secondary forest clearing 
(fallow management). A well-designed soil conservation program might result in longer 
fallow at the cost of primary forest; then, it becomes crucial to combine the soil program 
with other measures to protect primary forest, such as protected areas.  
The unified farm model proposed above can dissect shifting cultivators’ benefit-cost 
calculations, shedding light on an effective policy mix for conservation and development 
and pointing to promising avenues for empirical research. 
6. Conclusion 
This chapter reviewed farm-level economic models of shifting cultivation, as well as those of 
deforestation and soil conservation related to shifting cultivation. Although economists 
have made significant progress in modeling shifting cultivation over the last two decades, 
extant economic models neither clearly distinguish between primary and secondary forests 
nor address potential roles of on-farm soil conservation in shifting cultivation. Developing a 
unified farm model of primary forest clearing, forest fallowing, and on-farm soil 
conservation is needed to examine effective policies for protecting primary forest and 
maintaining sustainable secondary fallow forest. The chapter pointed to promising avenues 
for future modeling.  
www.intechopen.com
 
Deforestation Around the World 366 
7. Acknowledgment 
This chapter has benefited significantly from the comments and suggestions of Oliver 
Coomes. This research has been made possible through financial support provided by the 
Japan Society for the Promotion of Science and the Ministry of Education, Culture, Sports, 
Science and Technology in Japan. Any errors of interpretation are solely the author’s 
responsibility. 
8. References 
Alston, L. J., Libecap, G. D. & Mueller, B. (2000). Land reform policies, the sources of violent 
conflict, and implications for deforestation in the Brazilian Amazon. Journal of 
Environmental Economics and Management, Vol. 39, No., 162-188. 
Anderson, T. L. & Hill, P. J. (1990). The race for property rights. Journal of Law and Economics, 
Vol. 33, No. 1, 177-197. 
Angelsen, A. (1994). Shifting cultivation expansion and intensity of production: the open 
economy case. Working Paper 3, Chr. Michelsen Institute, Bergen. 
Angelsen, A. (1999). Agricultural expansion and deforestation: modeling the impact of 
population, market forces and property rights. Journal of Development Economics, 
Vol. 58, No. 1, 185-218. 
Angelsen, A. (Ed.), (2008). Moving ahead with REDD: Issues, options and implications, Center 
for International Forestry Research, Bogor. 
Angelsen, A. & Kaimowitz, D. (1999). Rethinking the causes of deforestation: lessons from 
economic models. The World Bank Research Observer, Vol. 14, No. 1, 73-98. 
Angelsen, A. & Wunder, S. (2003). Exploring the forest-poverty link: key concepts, issues 
and research implications. CIFOR Occasional Paper No. 40, Center for International 
Forestry Research, Bogor. 
Arnold, J. E. M. & Perez, M. R. (2001). Can non-timber forest products match tropical forest 
conservation and development objectives? Ecological Economics, Vol. 39, No. 3, 437-
447. 
Balsdon, E. M. (2007). Poverty and the Management of Natural Resources: A Model of 
Shifting Cultivation. Structural Change and Economic Dynamics, Vol. 18, No. 3, 333-
347. 
Barbier, E. B. (1990). The farm-level economics of soil conservation: the uplands of Java. Land 
Economics, Vol. 66, No. 2, 198-211. 
Barbier, E. B. (1997). The economic determinants of land degradation in developing 
countries. Philosophical Transactions of the Royal Society of London, Series B, Vol. 352, 
No. 1356, 891-899. 
Barbier, E. B. (2000). Links between economic liberalization and rural resource degradation 
in the developing regions. Agricultural Economics, Vol. 23, No. 3, 299-310. 
Barbier, E. B. (2004). Agricultural expansion, resource boom and growth in Latin America: 
implications for long-run economic development. World Development, Vol. 32, No. 
1, 137-157. 
Barbier, E. B. (2010). Poverty, Development, and Environment. Environment and Development 
Economics, Vol. 15, No. 6, 635-660. 
www.intechopen.com
 
Economic Models of Shifting Cultivation: A Review 367 
Barbier, E. B. & Burgess, J. C. (1997). The economics of tropical forest land use options. Land 
Economics, Vol. 73, No. 2, 174-195. 
Barbier, E. B. & Burgess, J. C. (2001). The economics of tropical deforestation. Journal of 
Economic Surveys, Vol. 15, No. 3, 413-433. 
Bardhan, P. & Udry, C. (1999). Development Microeconomics, Oxford University Press, Oxford. 
Barrett, C. B. (1999). Stochastic food prices and slash-and-burn agriculture. Environment and 
Development Economics, Vol. 4, No. 2, 161-176. 
Barrett, S. (1991). Optimal soil conservation and the reform of agricultural pricing policies. 
Journal of Development Economics, Vol. 36, No. 2, 167-187. 
Barrett, S. (1996). Microeconomic responses to macroeconomic reforms in the optimal 
control of soil erosion. In: The Environment and Emerging Development Issues, P. 
Dasgupta & K. G. Mäler, (Eds.), Clarendon Press, Oxford. 
Batabyal, A. A. & Beladi, H. (2004). Swidden agriculture in developing countries. Review of 
Development Economics, Vol. 8, No. 2, 255-265. 
Batabyal, A. A. & Lee, D. M. (2003). Aspects of land use in slash and burn agriculture. 
Applied Economics Letters, Vol. 10, No. 13, 821-824. 
Batabyal, A. A. & Nijkamp, P. (2009). The Fallow and the Non-fallow States in Swidden 
Agriculture: A Stochastic Analysis. Letters in Spatial and Resource Sciences, Vol. 2, 
No. 1, 45-51. 
Benjamin, D. (1992). Household composition, labor markets and labor demand: testing for 
separation in agricultural household models. Econometrica, Vol. 60, No. 2, 287-322. 
Binswanger, H. P. (1991). Brazilian policies that encourage deforestation in the Amazon. 
World Development, Vol. 19, No. 7, 821-829. 
Binswanger, H. P. & McIntire, J. (1987). Behavioral and material determinants of production 
relations in land-abundant tropical agriculture. Economic Development and Cultural 
Change, Vol. 36, No. 1, 73-99. 
Bluffstone, R. (1995). The effect of labor market performance on deforestation in developing 
countries under open access: an example from rural Nepal. Journal of Environmental 
Economics and Management, Vol. 29, No. 1, 42-63. 
Boserup, E. (1965). The Conditions of Agricultural Growth: The Economics of Agrarian Change 
under Population Pressure, Aldine, New York. 
Brown, D. R. (2006). Personal preferences and intensification of land use: their impact on 
southern Cameroonian slash-and-burn agroforestry systems. Agroforestry Systems, 
Vol. 68, No., 53-67. 
Brown, D. R. (2008). A spatiotemporal model of shifting cultivation and forest cover 
dynamics. Environment and Development Economics, Vol. 13, No. 5, 643-671. 
Brown, S. & Lugo, A. E. (1990). Tropical secondary forests. Journal of Tropical Ecology, Vol. 6, 
No. 1, 1-32. 
Bulte, E. H. & van Soest, D. P. (1999). A note on soil depth, failing markets and agricultural 
pricing. Journal of Development Economics, Vol. 58, No. 1, 245-254. 
Bulte, E. H. & van Soest, D. P. (2001). Environmental degradation in developing countries: 
households and the (reverse) Environmental Kuznets Curve. Journal of Development 
Economics, Vol. 65, No. 1, 225-235. 
Byron, N. & Arnold, M. (1999). What future for the people of the tropical forests? World 
Development, Vol. 27, No. 5, 789-805. 
www.intechopen.com
 
Deforestation Around the World 368 
Caputo, M. R. (1990). How to do comparative dynamics on the back of an envelope in 
optimal control theory. Journal of Economic Dynamics and Control, Vol. 14, No. 3-4, 
655-683. 
Chazdon, R. L., Peres, C. A., Dent, D., Sheil, D., Lugo, A. E., Lamb, D., Stork, N. E. & Miller, 
S. E. (2009). The potential for species conservation in tropical secondary forests. 
Conservation Biology, Vol. 23, No. 6, 1406-1417. 
Chomitz, K. M. & Gray, D. A. (1996). Roads, Land Use, and Deforestation: A Spatial Model 
Applied to Belize. World Bank Economic Review, Vol. 10, No. 3, 487-512. 
Clarke, H. R. (1992). The supply of non-degraded agricultural land. Australian Journal of 
Agricultural Economics, Vol. 36, No. 1, 31-56. 
Coomes, O. T., Barham, B. L. & Takasaki, Y. (2004). Targeting conservation-development 
initiatives in tropical forests: insights from analyses of rain forest use and economic 
reliance among Amazonian peasants. Ecological Economics, Vol. 51, No. 1-2, 47-64. 
Coomes, O. T. & Burt, G. J. (2001). Peasant charcoal production in the Peruvian Amazon: 
rainforest use and economic reliance. Forest Ecology and Management, Vol. 140, No. 
1, 39-50. 
Coomes, O. T., Grimard, F. & Burt, G. J. (2000). Tropical forests and shifting cultivation: 
secondary forest fallow dynamics among traditional farmers of the Peruvian 
Amazon. Ecological Economics, Vol. 32, No. 1, 109-124. 
Coomes, O. T., Takasaki, Y. & Rhemtulla, J. (2011). Land-use poverty traps identified in 
shifting cultivation systems shape long-term tropical forest cover. Proceedings of the 
National Academy of Sciences of the United States of America, Vol. 108, No. 34, 13925-
13930. 
Dalle, S. P. & de Bois, S. (2006). Shorter fallow cycles affect the availability of noncrop plant 
resources in a shifting cultivation system. Ecology and Society, Vol. 11, No. 2, 2. 
Dasgupta, P. (1993). An Inquiry into Well-Being and Destitution, Clarendon Press, Oxford. 
Dasgupta, P. (2001). Human Well-being and the Natural Environment, Oxford University Press, 
Oxford. 
Delacote, P. (2007). Agricultural expansion, forest products as safety nets, and deforestation. 
Environment and Development Economics, Vol. 12, No. 2, 235-249. 
Denevan, W. M. & Padoch, C. (Eds.), (1987). Swidden-Fallow Agroforestry in the Peruvian 
Amazon, The New York Botanical Garden, Bronx. 
Dent, D. H. & Wright, S. J. (2009). The future of tropical species in secondary forests: a 
quantitative review. Biological Conservation, Vol. 142, No. 12, 2833-2843. 
DeShazo, R. P. & DeShazo, J. R. (1995). An economic model of smallholder deforestation: a 
consideration of the shadow value of land on the frontier. In: Management of tropical 
forests: towards an integrated perspective, O. Sandbukt, (Ed.), Center for Development 
and the Environment, University of Oslo, Oslo. 
Dvořàk, K. A. (1992). Resource management by West African farmers and the economics of 
shifting cultivation. American Journal of Agricultural Economics, Vol. 74, No. 3, 809-
815. 
Ehui, S., Hertel, T. W. & Preckel, P. V. (1990). Forest resource depletion, soil dynamics, and 
agricultural productivity in the tropics. Journal of Environmental Economics and 
Management, Vol. 18, No. 2, 136-154. 
www.intechopen.com
 
Economic Models of Shifting Cultivation: A Review 369 
Faustmann, M. (1995). Calculation of the value which forest land and immature stands 
possess for forestry. Journal of Forest Economics, Vol. 1, No. 1, 7-44. 
Giaradina, P. M., Sanford, R. L., Dockersmith, I. C. & Jaramillo, V. J. (2000). The effects of 
slash burning on ecosystem nutrients during the land preparation phase of shifting 
cultivation. Plant Soil, Vol. 220, No. 1/2, 247-260. 
Glaser, B. (2007). Prehistorically modified soils of central Amazonia: a model for sustainable 
agriculture in the twenty-first century. Philosophical Transactions of The Royal Society 
B, Vol. 362, No., 187-196. 
Goldammer, J. G. (1993). Historical biogeography of fire: tropical and subtropical. In: Fire in 
the environment: the ecological, atmospheric, and climatic importance of vegetation fires, P. 
J. Crutzen & J. G. Goldammer, (Eds.), Wiley, New York. 
Graff-Zivin, J. & Lipper, L. (2008). Poverty, Risk, and the Supply of Soil Carbon 
Sequestration. Environment and Development Economics, Vol. 13, No. 3, 353-373. 
Grepperud, S. (1997a). Soil conservation and government policies in tropical areas: does aid 
worsen the incentives for arresting erosion? Agricultural Economics, Vol. 12, No. 2, 
129-140. 
Grepperud, S. (1997b). Soil conservation as an investment in land. Journal of Development 
Economics, Vol. 54, No. 2, 455-467. 
Grepperud, S. (2000). Optimal Soil Depletion with Output and Price Uncertainty. 
Environment and Development Economics, Vol. 5, No. 3, 221-240. 
Hotte, L. (2001). Conflicts over property rights and natural-resource exploitation at the 
frontier. Journal of Development Economics, Vol. 66, No. 1, 1-21. 
Jodha, N. S. (1986). Common property resources and rural poor in dry region of India. 
Economic and Political Weekly, Vol. 21, No. 27, 1169-1181. 
Jones, D. W. & O'Neill, R. V. (1993). Human-environmental influences and interactions in 
shifting agriculture when farmers form expectations rationally. Environment and 
Planning A, Vol. 25, No. 1, 121-136. 
Kaimowitz, D. & Angelsen, A. (1998). Economic Models of Tropical Deforestation: A Review, 
Center for International Forestry Research, Bogor. 
Kamien, M. I. & Schwartz, N. L. (1991). Dynamic Optimization: The Calculus of Variations and 
Optimal Control in Economics and Management, Elsevier, Amsterdam. 
Kleinman, P. J. A., Pimentel, D. & Bryant, R. B. (1995). The ecological sustainability of slash-
and-burn agriculture. Agriculture, Ecosystems and Environment, Vol. 52, No. 2-3, 235-
249. 
Krautkraemer, J. A. (1994). Population growth, soil fertility, and agricultural intensification. 
Journal of Development Economics, Vol. 44, No. 2, 403-428. 
LaFrance, J. T. (1992). Do increased commodity prices lead to more or less soil degradation? 
Australian Journal of Agricultural Economics, Vol. 36, No. 1, 57-82. 
Lal, R. (1995). Sustainable management of soil resources in the humid tropics, United Nations 
University Press, Tokyo. 
Larson, B. A. (1991). The causes of land degradation along "spontaneously" expanding 
agricultural frontier in the third world: comment. Land Economics, Vol. 67, No. 2, 
260-266. 
Larson, B. A. & Bromley, D. W. (1990). Property rights, externalities, and resource 
degradation. Journal of Development Economics, Vol. 33, No. 2, 235-262. 
www.intechopen.com
 
Deforestation Around the World 370 
Lawrence, D., Suma, V. & Mogea, J. P. (2005). Changes in species composition with repeated 
shifting cultivation: limited role of soil nutrients. Ecological Applications, Vol. 15, No. 
6, 1953-1967. 
Lewis, T. R. & Schmalensee, R. (1977). Nonconvexity and optimal exhaustion of renewable 
resources. International Economic Review, Vol. 18, No. 3, 535-552. 
Lewis, T. R. & Schmalensee, R. (1979). Nonconvexity and optimal harvesting strategies for 
renewable resources. Canadian Journal of Economics, Vol. 12, No. 4, 677-691. 
Lichtenberg, E. (2006). "A note on soil depth, failing markets and agricultural pricing": 
Comments. Journal of Development Economics, Vol. 81, No. 1, 236-243. 
López, R. (1994). The environment as a factor of production: the effects of economic growth 
and trade liberalization. Journal of Environmental Economics and Management, Vol. 27, 
No. 2, 163-184. 
López, R. (1997). Environmental externalities in traditional agriculture and the impact of 
trade liberalization: the case of Ghana. Journal of Development Economics, Vol. 53, No. 
1, 17-39. 
López, R. & Niklitschek, M. (1991). Dual economic growth in poor tropical areas. Journal of 
Development Economics, Vol. 36, No. 2, 189-211. 
Marris, E. (2006). Putting the carbon back: black is the new green. Nature, Vol. 442, No., 624-
626. 
McConnell, K. E. (1983). An economic model of soil conservation. American Journal of 
Agricultural Economics, Vol. 65, No. 1, 83-89. 
Mendelsohn, R. (1994). Property rights and tropical deforestation. Oxford Economic Papers, 
Vol. 46, No. Oct., 750-756. 
Mueller, B. (1997). Property rights and the evolution of a frontier. Land Economics, Vol. 73, 
No. 1, 42-57. 
Myers, N. (1992). The Primary Source: Tropical Forests and Our Future, W. W. Norton, New York. 
Nicholaides, J. J. I., Sanchez, P. A., Bandy, D. E., Villachica, J. H., Coutu, A. J. & Valverde, C. 
S. (1983). Crop production systems in the Amazon basin. In: The Dilemma of 
Amazonian Development, E. F. Moran, (Ed.), Westview Press, Boulder. 
Otsuka, K. & Place, F. (Eds.), (2001). Land Tenure and Natural Resource Management, The Johns 
Hopkins University Press, Baltimore and London. 
Pascual, U. & Barbier, E. B. (2006). Deprived land use intensification in forest-fallow 
agricultural systems under population pressure. Agricultural Economics, Vol. 34, No. 
2, 155-165. 
Pascual, U. & Barbier, E. B. (2007). On Price Liberalization, Poverty, and Shifting 
Cultivation: An Example from Mexico. Land Economics, Vol. 83, No. 2, 192-216. 
Pendleton, L. H. & Howe, E. L. (2002). Market integration, development, and smallholder 
forest clearance. Land Economics, Vol. 78, No. 1, 1-19. 
Place, F. & Otsuka, K. (2001). Population, tenure, and natural resource management: the case 
of customary land area in Malawi. Journal of Environmental Economics and 
Management, Vol. 41, No. 1, 13-32. 
Ray, D. (1998). Development Economics, Princeton University Press, Princeton. 
Reardon, T. & Vosti, S. A. (1995). Links between rural poverty and the environment in 
developing countries: asset categories and investment poverty. World Development, 
Vol. 23, No. 9, 1495-1506. 
www.intechopen.com
 
Economic Models of Shifting Cultivation: A Review 371 
Ruthenberg, H. (1980). Farming Systems in the Tropics, Clarendon Press, Oxford. 
Sanchez, P. A., Bandy, D. E., Villachica, J. H. & Nicholaides, J. J. (1982). Amazon basin soils: 
management for continuous crop production. Science, Vol. 216, No. 4548, 821-827. 
Scatena, F. N., Walker, R. T., Homma, A. K. O., de Conto, A., Ferreira, C. A. P., Carvalho, R. 
d. A., de Rocha, A. C. P. N., dos Santos, A. I. M. & de Oliverira, P. M. (1996). 
Cropping and fallowing sequences of small farmers in the "terra firme" landscape 
of the Brazilian Amazon: a case study from Santarem, Para. Ecological Economics, 
Vol. 18, No. 1, 29-40. 
Seietstad, A. & Sydsaeter, K. (1987). Optimal Control Theory with Economic Applications, 
Elsevier, Amsterdam. 
Singh, I., Squire, L. & Strauss, J. (Eds.), (1986). Agricultural Household Models: Extensions, 
Applications, and Policy, The John Hopkins University Press, Baltimore. 
Smith, J., van de Kop, P., Reategui, K., Lombardi, I., Sabogal, C. & Diaz, A. (1999). Dynamics of 
secondary forests in slash-and-burn farming: interactions among land use types in 
the Peruvian Amazon. Agriculture Ecosystems & Environment, Vol. 76, No. 2-3, 85-98. 
Southgate, D. (1990). The causes of land degradation along "spontaneously" expanding 
agricultural frontiers in the third world. Land Economics, Vol. 66, No. 1, 93-101. 
Steiner, C., Teixeira, W. G. & Zech, W. (2004). Slash and char: an alternative to slash and 
burn practiced in the Amazon basin. In: Amazonian Dark Earths: Origins, Properties, 
and Management, J. Lehman, D. C. Kern, B. Glaser & J. Woods, (Eds.), Kluwer 
Academic Publishers, Dordrecht. 
Sunderlin, W. D., Angelsen, A., Belcher, B., Burgess, P., Nasi, R., Santos, L. & Wunder, S. 
(2005). Livelihoods, forests, and conservation in developing countries: an overview. 
World Development, Vol. 33, No. 9, 1383-1402. 
Swami, S. N., Steiner, C., Teixeira, W. G. & Lehmann, J. (2009). Charcoal making in the 
Brazilian Amazon: economic aspects of production and carbon conversion 
efficiencies of kilns. In: Amazonian Dark Earths: Wim Sombroek's Vision, W. I. Woods, 
(Ed.), Springer, Heidelberg. 
Sylwester, K. (2004). Simple Model of Resource Degradation and Agricultural Productivity 
in a Subsistence Economy. Review of Development Economics, Vol. 8, No. 1, 128-40. 
Tachibana, T., Nguyen, T. M. & Otsuka, K. (2001). Agricultural intensification versus 
extensification: a case study of deforestation in the northern-hill region of Vietnam. 
Journal of Environmental Economics and Management, Vol. 41, No. 1, 44-69. 
Takasaki, Y. (2006). A model of shifting cultivation: can soil conservation reduce 
deforestation? Agricultural Economics, Vol. 35, No. 2, 193-201. 
Takasaki, Y. (2007). Dynamic household models of forest clearing under distinct land and 
labor market institutions: can agricultural policies reduce tropical deforestation? 
Environment and Development Economics, Vol. 12, No. 3, 423-443. 
van Soest, D. P., Bulte, E. H., Angelsen, A. & van Kooten, G. C. (2002). Technological change 
and tropical deforestation: a perspective at the household level. Environment and 
Development Economics, Vol. 7, No. 2, 269-280. 
Willassen, Y. (2004). On the economics of the optimal fallow-cultivation cycle. Journal of 
Economic Dynamics and Control, Vol. 28, No. 8, 1541-1556. 
www.intechopen.com
 
Deforestation Around the World 372 
Wilshusen, P. R., Brechin, S. R., Fortwangler, C. L. & West, P. C. (2002). Reinventing the 
square wheel: critique of a resurgent "protection paradigm" in international 
biodiversity conservation. Society and Natural Resources, Vol. 15, No. 1, 17-40. 
Wunder, S. (2001). Poverty alleviation and tropical forests - what scope for synergies? World 
Development, Vol. 29, No. 11, 1817-1833. 
Wunder, S. (2006). The efficiency of payments for environmental services in tropical 
conservation. Conservation Biology, Vol. 21, No. 1, 48-58. 
www.intechopen.com
Deforestation Around the World
Edited by Dr. Paulo Moutinho
ISBN 978-953-51-0417-9
Hard cover, 372 pages
Publisher InTech
Published online 30, March, 2012
Published in print edition March, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Deforestation and forest degradation represent a significant fraction of the annual worldwide human-induced
emission of greenhouse gases to the atmosphere, the main source of biodiversity losses and the destruction
of millions of people's homes. Despite local/regional causes, its consequences are global. This book provides
a general view about deforestation dynamics around the world, incorporating analyses of its causes, impacts
and actions to prevent it. Its 17 Chapters, organized in three sections, refer to deforestation impacts on
climate, soil, biodiversity and human population, but also describe several initiatives to prevent it. A special
emphasis is given to different remote-sensing and mapping techniques that could be used as a source for
decision-makers and society to promote forest conservation and control deforestation.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Yoshito Takasaki (2012). Economic Models of Shifting Cultivation: A Review, Deforestation Around the World,
Dr. Paulo Moutinho (Ed.), ISBN: 978-953-51-0417-9, InTech, Available from:
http://www.intechopen.com/books/deforestation-around-the-world/economic-models-of-shifting-cultivation-a-
review
© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
